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Abstract: It is widely known that the wireless communication between stations that
exist and operate in a maritime environment has many factors to overcome in order to
reach a certain high level of Quality of Service (QoS), especially when it has to do with
military applications, such as the weather conditions, the distance between the stations
e.t.c. Modern approaches for the solution of the abovementioned malfunctions are the
use of satellites and the use of more than one receiving antennas. In this paper, the
performance analysis of Single Input Single Output (SISO)and Single Input Multiple
Output (SIMO)communication relay links will be investigated taking into consideration
the interaction between the Bit Error Rate (BER), the Bit Rate and the Signal to Noise
Ratio (SNR) for the type of multiplexing and modulation of the transmitted signal. The
main objective is the need to mitigate the effect of the multipath propagation over the
wireless wideband maritime communication channel. Moreover, in this work is
examined the use of Unmanned Air Systems (UAS) as relay nodes in order to overcome
possible obstacles that prevent the communication between stations and to extend the
coverage of a communication link.
Keywords: Wideband maritime communication channel, SISO, SIMO, UAS, Multipath
effect.

1. Introduction
Modern wireless RF communication networks are rapidly introduced in military operation
theaters due to the advantages they offer, such as Line Of Sight (LOS), non-LOS connectivity
and high speed secure data communications[1, 2, 3, 4, 5] . On the other hand, wireless RF
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systems suffer from various factors that degrade their performance. The main factor is multipath
effect, where the information signal arrives at the receiver many times but in different time slots
following different trajectories due to reflections or refractions in the troposphere. Furthermore,
the presence of obstacles, inside the Fresnel Zone, between the transmitter and the receiver, is
responsible for performance deterioration of the communication system [3, 6, 7, 8, 9, 10, 11].
In order to increase the performance of the communication systems, various techniques have
been proposed. The most effective is the use of multiple antennas at the receiver (SIMO) or the
transmitter (Multiple Input Single Output, MISO) due to differential reception [12, 13, 14, 15].
Another technique used to avoid obstacles, is multihop communications, where transceiver
nodes are placed between the transmitter and the receiver [11,16, 17, 18].
In this work, the reliability of a multihop SIMO system will be investigated under multipath
effect and it will be estimated using the Rayleigh distribution. It is well known that using the
Rayleigh distribution is achieved to create a model of the communication scheme when the
signal is scattered from particles that exist in the environment (such as the sea waves) [9, 19]. In
addition to this, due to the fact that the Rayleigh distribution describes fast fading statistics in the
region of troposphere scattering waves, therefore it is more useful for communication during
military operations. The communication system will imply the Orthogonal Frequency Division
Multiplex (OFDM) which is an effective technique for broadband communication schemes and
every subcarrier will be modulated using Quadrature Amplitude Modulation (QAM) [9, 20, 21,
22]. The metric that will be investigated, is the BER which is very important, as it indicates the
reliability of the system. For Frequency Hopping (FH) a mechanism must be designed so that the
data can be transmitted in a clear channel and avoid channel congestion [23, 24, 25, 26].
Compared to a narrowband signal, Spread Spectrum (SS) spreads the signal power over a
wideband and the overall SNR is improved because only a small part of the signal is affected by
interference. In a communication system, in both transmitter and receiver sides, one spreading
generator has been located which, based on the spreading technique, they synchronize the
received modulated spectrum. Employing the FHSS technology privacy, QoS is improved as it is
difficult for the signal to be intercepted, the interference and multipath fading (distortion) is
decreased whereas the signal capacity is increased, the SNR is improved, the efficiency of
bandwidth is high and finally, this transmission can share a frequency band with many types of
conventional transmissions with minimal interference.

2. System Model
The system consists of two warships that, due to obstacle between them that makes direct
communication impossible, may communicate using a UAS creating a dual hop system. The
UAS is assumed to be a Decode and Forward relay (DF) node, as it receives the direct and the
overheard signals from the transmitter, it decodes them and then forwards them to the receiver.
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Fig. 1: UAS as relay communication node.

However the presence of this obstacle may still affect the performance of the system creating
multipath effect. This effect can be investigated using various statistical distributions. In this
work the Rayleigh distribution is employed since there is no dominant propagation along a LOS
between the transmitter and receiver. The Probability Density Function (PDF) is given by the
following equation [9, 19]:
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where γ is the envelope amplitude of the received signal and σis the standard deviation[8].
Furthermore, the system is assumed to employ the OFDM technique in order to eliminate the
intersymbol interference (ISI), a very important factor that degrades the performance of an RF
system. In OFDM, the transmitted signal will be given by the following equation [3, 9, 21, 22]:
xl (t ) 

Ns
l
2

S

k

l ,k

g (t  ((i  1)Ts )) exp( j 2 f k t )

(2)

Ns
2

where Ns is the length of the block that Sl,k complex symbols create, Ts is the period of one
symbol and fk is the frequency of the kth subcarrier.
Every subcarrier of the OFDM transmitted signal will be modulated using the QAM technique
and the result will be given by the following equation [3, 9, 21, 22]:

sm (t )  Ami g (t ) cos 2 f ct  Amq g (t )sin 2 f ct , m  1, 2,..., M
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Moreover, in order to avoid greater obstacles, such as islets, and therefore extend the
communication range between the transmitter and the receiver, the multihop technique can be
applied using multiple UAS as DF relay nodes, where N is the number of the UAS employed. In
this case the final structure is (Fig. 2):

Fig. 2: UAS as relay DF node.

A cooperative multihop communications scheme is described in Fig.3:

Fig. 3: Cooperative multihop communication scheme using 3 UAS as relay DF nodes.

The transmitter using N UAS as independent transponders, ensures that the receiver will get good
signal quality, at least through one of the UAS. Moreover, this scheme works complementarily,
as if one of the UAS gets destroyed or intercepted, the communication between the two warships
will not break down. On the other hand, the receiver has to process all N received signals in order
to obtain the information sent either by the cancelation or the superposition of the N received
messages.
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Instead of the simple SIMO technique, cooperative multihop scheme may be used, because in the
simple multihop technique obstacles may be avoided, but degradation of the quality of the
received signal, caused by the hops from UAS to UAS will be observed. Moreover, the more the
nodes used, the better the system performance achieved, as long as, for a specific value of SNR,
the BER decreases as the number of UAS increases.
Using the FHSS technique, the frequency of the carrier gets changed under a certain rate.
Furthermore, Adaptive Frequency Hopping is implemented against frequency interference by
avoiding congested frequency channels to be used in hopping sequence.
FH occurs over a frequency bandwidth covering numerous channels and is categorized into slow
hopping and fast hopping. During slow hopping, more than one data symbol is transmitted in the
same channel, whereas in the case of fast hopping, frequency changes several times per symbol.
The hopping spectrum is called total hopping bandwidth. To generate a hopping sequence
number as the channel number, that uplink “receiver” sends this number as feedback to downlink
“transmitter”, which can be shown in a linear equation [13] and assuming binary transmission the
capacity of the feedback block is [23, 24, 26]:

C f  Na log 2 N  COH  Rx

(4)

where N is the total available channels, Na are the active channels, Cf are the chips on feedback,
COH is the feedback overhead and R is the chip rate.
A general model of SS digital communication system can be seen in the following Fig:
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Fig. 4: A general model of SS digital communication system.
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Taking advantage of all the above characteristics of the communications system proposed, we
can proceed to the analysis of a SIMO system [15]. In a SIMO spatial divert system, one
transmitter will send data to a number of receivers that present total aperture surface equal to the
receiver of the SISO occasion.

3. Performance of multihop SISO system
Taking the k-th subband of the M-QAM modulation using the Rayleigh distribution, the BER
of the Symbol Error Rate (SER) is given by [21, 27]:


P   {1  [1 
0

2( M  1)
Q( 2 )]2 }p( )d  ,
M

(5)

where Q(x) is the Gaussian tail function and γ is the SNR. Then, using equations (1) to (3) we
can compute the BER of M-ary QAM in Rayleigh channel which is:
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In case N-UAS are employed as relay nodes, the BER can be calculated using the following
equation [11, 17, 18] :
H
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where H is the number of the hops.

4. SIMO systems
A SIMO system is a spatial diversity technique where the signal is transmitted from a single
transmitter to multiple (N) receivers. In this case, the probability of error will be given as [21]:
N
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So the BER will be given by:
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Finally, executing the integral of equation (9) and applying
2
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equation (9), results in
N
(3 k log 2 M ) / (M 2  1) 
M 1 
Pk  {
}

Pe ( SISO) .
1 


[(3 k log 2 M ) / (M 2  1)]  1 
k 1 M log 2 M 
k 1

N

(11)

5. Numerical Results
In this section the numerical results of the Multihop OFDM QAM system are presented.

Fig 5: BER-Eb/No of OFDM/QAM SISO system.

In Fig. 5 a 16-QAM and a 64-QAM OFDM system are compared in terms of BER and Eb/No
(SNR),where Eb is the energy per bit of the signal and No is the power of the noise . As it can be
derived from Fig. 5,for both systems, as SNR increases, BER decreases and the system shows
better performance, but needs more power to operate. In addition to this, for a certain value of
SNR (i.e. 30 dB), as M increases, BER increases too and the system is less efficient. Moreover,
as M increases the performance of the system deteriorates because the Euclidian distance
between the points of the modulation constellation is more dense and there is high probability of
error during the transmission.
Another aspect examined, is the number of UAS used. In dual-hop systems, (H=2) one UAS is
used whereas in multihop systems two or more UAS are employed (e.g. H=3). It is obvious that
the more the hops deployed, the higher the BER is, but longer distances of communication
between the transmitter and the receiver can be achieved (beyond LOS).
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Fig 6: BER SIMO system for N=2

Fig 7: BER SIMO system for N=3

As it is concluded by comparison of figures 6 and 7, as the number of the receivers increases, the
BER of the system decreases due to the fact that all the receivers cooperate in order to enhance
the received signal and also each receiver has the same γ with the other. In addition to this, in
each figure it is obvious that the more hops and M the system has, the larger BER occurs.
On the other hand, the SS process is proved an effective way of signal transmission with lower
BER. Forward Error Correction (FEC) employed as a Convolution coding is also productive in
obtaining a lowered BER thus reducing the inherent disadvantage of a QAM system i.e. high
SNR requirement for a small change in BER[19].
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In order to enhance the system performance and avoid the appearance of errors during the
transmission of the signal, various error coding techniques can be used such as [20]:
 TPC.
 Serially Concatenated Convolutional Code (SCCC).
 Standard Convolutional Code (SCC).
Comparison of these techniques proves that, the most effective technique is the SCCC because it
enhances the Bit Error Probability (BEP) in many orders of magnitude for high values of SNR
for frequency hop communication systems operating over an Additive White Gaussian Noise
(AWGN) channel and the Log Likelihood Ratio (LLR) metric. For instance, for SNR=4dB the
BEP for SCCC is approximately equal to 0.5, for TPC is equal to 10 -1 and for SCC is equal to
8*10-2. However, for SNR≥5dB the SCCC has the best performance because its BEP=0, while
the TPC has BEP=8*10-5 and the SCC has BEP=10-2 (where it is equal to 0 for SNR=8.3dB).

6. Conclusion
In this project, a wireless RF communication system using UAS was described to mitigate the
multipath effect that occurs while two or more ships are trying to communicate on an
archipelagos environment. Implementing the UAS as relay nodes, it is achieved a better LOS
coverage of a region overcoming the possible physical obstacles that may occur. Also, using the
abovementioned multiplexing and modulation techniques, the QoS augmentation of the system is
achieved. In future work, the whole proposed system will be tested in the region of the physical
layer taking into consideration different values of fading and noise factors, such as the sea clutter
and the precipitation.
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